Recently, there has been a growing body of evidence showing that cellular microRNAs (miRNAs) are involved in virus-host interactions. Numerous studies have focused on analyses of the expression profiles of cellular miRNAs, but the expression patterns of Dicer, which is responsible for the generation of miRNAs, have only rarely been explored in Gallus gallus. We developed a duplex realtime reverse transcriptase polymerase chain reaction (RT-PCR) assay for the relative quantification of the mRNAs of Dicer and β-actin in G. gallus. To apply this method, the expression of Dicer in avian cells after infection with avian leukosis virus subgroup J (ALV-J) was detected using our established duplex real-time RT-PCR. The duplex realtime RT-PCR assay is sufficiently sensitive, specific, accurate, reproducible, and cost-effective for the detection of Dicer in G. gallus. Furthermore, this study, for the first time, demonstrated that ALV-J can induce differential expression of Dicer mRNA in the ALV-J-infected cells.
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Key words: Duplex qRT-PCR, Dicer, ALV-J MicroRNAs (miRNAs) are small RNA (≈22 nt) molecules that regulate the expression and function of eukaryotic genomes [7] . There is an increasing amount of evidence showing that cellular miRNAs have regulatory roles in virus-host interactions, and the alterations of miRNA expression observed in cells during viral infection may be important determinants of viral pathogenesis [3, 5] . Although there are increasing numbers of reports on such changes in cellular miRNAs, the expression patterns of Dicer, which is responsible for the generation of miRNAs, have only rarely been explored in Gallus gallus.
Dicer, a cytoplasmic RNase III type endonuclease, is crucial to the gene silencing pathways that involve miRNAs [11] . The biological function of Dicer has been well researched in Drosophila, in which two distinct enzymes participate in parallel pathways for biogenesis of small regulatory RNA molecules. Dicer-2 (Dcr-2) processes long double-stranded precursors into siRNAs, whereas Dicer-1 (Dcr-1) processes pre-miRNAs and generates mature miRNAs [8, 17] . We were interested in measuring the expression of Dicer mRNAs because of their crucial role in the biogenesis of miRNAs in cells. Changes in Dicer expression have been associated with aggressive clinical behavior in lung, breast, and ovarian cancers [1, 12] . Some studies have suggested that Dicer mRNA should be evaluated as a biomarker for ovarian cancer [13] .
Single-plex real-time polymerase chain reaction (RT-PCR) is an improved PCR system with numerous advantages over the conventional PCR. The main improvements are the higher accuracy, specificity, and sensitivity [6] . The duplex RT-PCR not only contains the advantages of single-plex RT-PCR, but also has the improvements of shorter running time and avoidance of errors induced by amplification action in different tubes [15] .
Avian leukosis virus subgroup J (ALV-J), which belongs to the genus Alpharetrovirus of the Retroviridae family, causes neoplastic diseases and immunodepression problems in poultry worldwide [2] . Some research showed that the expression levels of miRNAs in chicken cells transformed by ALV were differential compared with the levels in the normal cells [18] . Based on the close relationship between Dicer and miRNAs, we established a TaqMan probes duplex real-time RT-PCR reaction assay for detection of Dicer and β-actin to determine the Dicer mRNA expression in ALV-J-infected cells.
MATERIALS AND METHODS

Ethics Statement
The RNA was isolated from uninfected chickens, which were approved by Harbin Veterinary Research Institute of the Chinese Academy of Agricultural Sciences and performed in accordance with animal ethics guidelines and approved protocols. The Animal Ethics Committee approval number was Heilongjiang-SYXK 2006-032.
Cells and Virus DF-1 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS) plus 100 µg/ml penicillin and streptomycin, and the cultures were incubated at 37 o C in a humidified 5% CO 2 incubator. The ALV-J isolate named SD1009was isolated from a layer chicken in the Shandong province in China [16] .
Real-Time Primers and Probes for mRNA Quantification
Primers and TaqMan fluorescent-labeled probes for real-time RT-PCR assays were designed using Primer Express Software (Applied Biosystems, Foster City, CA, USA) to specifically amplify the G. gallus Dicer and β-actin genes. The validated sequences of the primers and probes are listed in Table 1 .
Cloning of G. gallus cDNAs for Use as Standards
The total RNA from the uninfected chicken was extracted using TRIzol Reagent (Invitrogen, USA) according to the manufacturer's instructions and treated with RNase-free DNase I (Invitrogen) to make standards. RNA (1 µg) and commercial random primer (Takara) were denatured at 65 o C for 15 min. cDNA products were used to amplify Dicer and β-actin as standards. 2.0 µl template cDNA (20 ng/µl), 1 µl forward primer (10 µM), 1 µl reverse primer (10 µM), 4 µl dNTP (2.5 mM), 10 µl buffer (5×), 1 µl PrimeSTAR (TaKaRa), and 31 µl dH 2 O. Adding base A to the PCR product and then connecting the cDNA to the PMD-18T plasmid was to be as standards. The amplified cDNAs were cloned if they had a size similar to that required by published sequences and if they were the predominant amplification products of the reaction. The amplification products were cloned into pMD18-T (TaKaRa, China) and named pMD18-dicer and pMD18-actin. Each cDNA insert was sequenced twice in each direction with vectorspecific primers by Invitrogen. Concentrations of the plasmid were determined using a spectrophotometer. Serial dilutions ranging from 10 8 to 10 1 copies/µl were used as standard controls after sequencing.
RNA Isolation and Duplex Real-Time RT-PCR
The expressions of Dicer and β-actin mRNAs, in infected and uninfected DF-1 cells with ALV-J harvested at 7 days postinfection (dpi), were determined by duplex real-time RT-PCR. Each RNA sample was extracted from the cell using TRIzol Reagent (Invitrogen) according to the manufacturer's instructions. Reverse transcription was performed as described above and the cDNA was stored at -80 o C for 10 sec. Fluorescent signal measurements were carried out during the elongation step. β-Actin was used as an endogenous control to normalize differences with respect to the amount of cDNA in each duplex assay. To validate the equivalent efficiency of Dicer and β-actin in the same duplex real-time RT reaction, standard curves were generated from comparator RNA samples. Once the real-time RT-PCR assays were validated, the RNA from DF-1 cells infected with ALV-J and control cells were used to quantify mRNA expression. The double standard curve method was used to study the experimental samples.
Sensitivity Tests
The plasmids pMD18-dicer and pMD18-actin were diluted serially 10-fold, spanning from 10 8 to 10 1 copies/µl, and the 10-fold diluted plasmids were assayed by the real-time RT-PCR and conventional PCR to compare their sensitivities. miRNA Microarray Assay and Statistical Analysis of Microarray Data ALV-J-infected and mock-infected cells at 7 dpi were selected for miRNA microarray analysis. mParaflo miRNA microarray assays were outsourced to LC Sciences (Houston, USA). The assay was performed on a 5 µg total RNA sample, which was size-fractionated using a YM-100 Microcon centrifugal filter (Millipore). The small RNAs (<300 nt) isolated were 30-extended with a poly(A) tail using poly(A) polymerase. An oligonucleotide tag was then ligated to each poly(A) tail for later fluorescent dye staining. Hybridization was performed overnight on an mParaflo microfluidic chip using a microcirculation pump (Atactic Technologies). The microfluidic chips each contained a detection probe consisting of a chemically modified nucleotide coding segment complementary to target microRNA (from miRBase, http://microrna.sanger.ac.uk/sequences/) and a spacer segment of polyethylene (photogenerated reagent) chemistry. The hybridization melting temperatures were balanced by chemical modification of the detection probes. Hybridization used 100 ml of 6× SSPE buffer (0.9 M NaCl, 60 mM Na 2 HPO 4 , 6 mM EDTA, pH 6.8) containing 25% formamide at 34 o C. Post-hybridization detection used fluorescence labeling with tag-specific Cy5 dyes. Hybridization images were collected using a laser scanner GenePix 4000B (Molecular Devices) and digitized using Array-Pro image analysis software (Media Cybernetics). Raw data were obtained for further analysis. 
Statistical Analysis
Data were expressed as means ± standard deviations. The significance of the variability among the trials was determined by two-way analysis of variance using GraphPad Prism (version 4.0) software.
RESULTS
Amplification of Dicer and β-Actin Standards
The primer sets listed in Table 1 were used to amplify the standards of Dicer and β-actin. As shown in Fig. 1 , the unique bands of Dicer and β-actin standards productions used in this study were separately amplified under the standard conditions. The PCR product was sequenced, and the results showed that the sequence of the Dicer standard was 5'-CTGCAGCTCATGACCCCTGCTTCCTCCCCAATGGG TCCATTTTTTGGACTACCGTGGCAACAAGAAGCAA TTCATGATAACATTTATACGCCAAGAAAATA-3' and of the β-actin standard was 5'-CTGGCATTGCTGACAGGA TGCAGAAGGAGATCACAGCCCTGGCACCTAGCAC AATGAAAATCAAGATCATTGCCCCACCTGAGCGCA AGTACTCTGTCTGGATTGGAGGC-3'.
Standard Curves for the Duplex Real-Time RT-PCR
To generate the standard curve, the plasmids pMD18-dicer and pMD18-actin were diluted serially from 10 8 to 10 1 copies/µl and detected by duplex real-time RT-PCR assay. Threshold cycle (C t ) values were then plotted against the known copy numbers of the standard controls. As shown in Fig. 2 , the Dicer and β-actin standards had good correlation and efficiency between copy number and Ct values (Dicer: error = 0.0359, efficiency = 2.014; β-actin: error = 0.0237, efficiency = 1.948). The duplex real-time PCR results of the standards showed no cross-reactions in the 2 sets of primers and probes. They were found to amplify their own target sequences specifically and independently.
Sensitivity of the Real-Time PCR
The sensitivity of the real-time PCR was compared with that of the conventional PCR by running 10-fold serial dilutions of the pMD18-dicer and pMD18-actin plasmids. All dilutions were tested in triplicates. The detection limit, Fig. 1 . PCRs of Dicer and β-actin.
(A) PCR production of Dicer separated on a 2% agarose gel. Lane 1, PCR production of Dicer was 101 bp; (B) PCR production of β-actin separated on a 2% agarose gel. Lane2, PCR production of β-actin was 110 bp. N, negative control (H 2 O); M, DL2000 DNA marker.
defined as the lowest dilution in the 10-fold series that produced reliable amplification, was 10 copies for the realtime RT-PCR (Fig. 2) , whereas it was 10 3 copies for the conventional PCR (Fig. 3) . These results indicated that the real-time PCR can be 100 times more sensitive than the conventional PCR.
Differential Expression of Dicer Induced by ALV-J in Infected Cells
To apply the duplex real-time RT-PCR assays of Dicer and β-actin, the RNAs of DF-1 cells infected with ALV-J or DMEM were exacted and then detected. As shown in Fig. 4A , the relative expression of Dicer of ALV-J-treated cells was significantly higher (approximately 1.5-folds) than that of control cells, which suggested the aberrant expression of Dicer in the ALV-J-infected cells. Based on the close relationship between Dicer and the miRNAs, whether the miRNAs were an aberrant expression induced by ALV-J needed to be explored.
Aberrant Expression of miRNAs in DF-1 Cells Infected with ALV-J To determine whether ALV-J could induce the aberrant expression of miRNAs, the DF-1 cells infected with ALV-J and DMEM were selected at 7 dpi for evaluating the miRNA expression profiles using miRNA microarray The copy number of the plasmids pMD18-dicer and pMD18-actin was determined spectrophotometrically. The plasmid was diluted serially from 10 8 to 10 1 copies/µl for use as a standard control. The concentration refers to the template copy number per reaction. Fig. 3 . Sensitivity of the conventional PCR.
(A) The 10-fold diluted plasmid pMD18-dicer was amplified by conventional PCR. (B) The 10-fold diluted plasmid pMD18-actin was amplified by conventional PCR. The PCR products were then separated on a 2% agarose gel and stained with ethidium bromide. N, negative control (H 2 O); M, DL2000 DNA marker.
analysis. MiRNAs whose relative expression levels showed a fold change (FC) >2 and p < 0.01 were considered significantly up-regulated, and those with FC < 2 and p < 0.01 were considered significantly down-regulated. As shown in Fig. 4B , a panel of 55 differentially expressed miRNAs appeared that differed in expression from normal controls (p ≤ 0.01). These included 28 up-regulated and 27 down-regulated miRNAs upon ALV-J infection, which illustrated that cellular miRNAs have been changed in ALV-J-infected cells. In addition, the complete data obtained from ALV-J-infected cells in microarray is shown in the supplementary material.
Verification of miRNA Microarray by qRT-PCR
To confirm the microarray hybridization results, qRT-PCR was performed on five randomly selected differentially expressed miRNAs. As shown in Fig. 5 , gga-miR-1710, gga-miR-1767, gga-miR-101, gga-miR-15a, and gga-miR18a were selected to be quantified by qRT-PCR, and the overall results were consistent with those of the microarray analysis, indicating the reliability of the microarray data. Differences were observed between these two analyses, which were most likely attributed to intrinsic differences between the techniques.
DISCUSSION
In this study, we first developed a novel, duplex, real-time reverse transcriptase polymerase chain reaction assay for the detection of Dicer in G. gallus. This assay consisted of two sets of primers/probes and amplified two different goal fragments separately in a single reaction tube. The primers and two labeled probes were tailored to the highly conserved Dicer and β-actin genes in G. gallus. The performance of the duplex real-time PCR assay was remarkably improved with respect to the speed of the experiment and the avoidance of errors induced by amplification action in different tubes relative to the single-plex primer/probe real-time PCR assay. Permitting the use of a duplex real-time PCR assay for multiple different target goal genes will greatly decrease the cost of the assay process [20] . The primers and probes determine the efficacy and accuracy of real-time PCR [14] . The specificity and stability were found to be considerable with such specifically designed primers and probes. The method developed in this study is reproducible and stable, as indicated by the usage of two standard curves to determine copy numbers.
The PCR product size of the duplex RT-PCR assays in this study was less than 200 bp, in order to decrease the damage to infrequent RNA [4] . Because the amplifications of the target gene and the reference gene were performed in the same reaction tube, the concentrations of primers and probes of both genes were optimized to ensure the specificity and accuracy of amplification [9] , amplification efficiencies of the target, and that the reference genes were approximately equal [10] . Therefore, using the double standard curves to adjust the amplification efficiencies of the target and reference genes, we can see that the target and reference genes were amplified with approximately equal efficiencies (Fig. 2) .
The expression of Dicer mRNA in ALV-J-infected cells is significantly higher than that of control cells (Fig. 4A ), which were determined by the sensitive duplex real-time RT-PCR assays established in this study. This suggested that the cellular miRNAs may be altered in the ALV-Jinfected cells, because of the close relationship between the Dicer and miRNAs [19] . Interestingly, the results of the miRNAs microarray showed that cellular miRNAs were indeed modulated upon ALV-J infection, which is in coincidence with the prediction that the different expression of Dicer mRNA may lead to a different expression of cellular miRNAs.
In all, this study not only demonstrated a new duplex real-time RT-PCR assay for detection of Dicer in G. gallus, but also found that Dicer mRNA of ALV-J-infected cells was changeable, which may reflect that the miRNAs of ALV-J-infected cells were also changed. Subsequently, the results of the miRNAs microarray identified the possible prediction that differential expression of Dicer mRNA may be associated with differential expression of miRNAs, which suggested that the changeable expression of Dicer mRNA in cells may be taken as the potential biomarker of whether the global expression of miRNAs in the cell has changed. This is significant for the intensive study of changes in miRNAs expression induced by viral, bacterial, fungal, and parasitic infections in G. gallus.
